Abstract In this chapter we report on the GIS-based analysis of the Nasca geoglyphs of Palpa, Peru, undertaken in the course of the Nasca-Palpa Archaeological Project. We focus here on the analysis of spatial relationships between the geoglyphs and the surrounding landscape in terms of visibility and orientation. Our motivation for this contextual analysis was to gain a better understanding of the function and meaning of the geoglyphs by virtually assuming the viewpoints of the people who conceived, built, and used the geoglyphs between approximately 400 BC and 800 AD. In this sense our study of geoglyph visibility and orientation is a contribution to current attempts to incorporate cultural variables into the quantitative environment of GIS, thereby rendering GIS a more useful instrument for archaeological research. This approach required the development of new GIS tools tailored to the specific needs of archaeological analysis. The results of our study indicate that the geoglyphs can be understood as stages for public rites performed by social groups, whereas the incorporation of the surrounding landscape through visual links was apparently not a major concern.
GIS Applications in Archaeology: Chances and Limitations
Geographical information systems (GIS) have become a widespread tool in archaeological research due to their manifold capabilities in terms of data capture, management, analysis, and visualisation (Wheatley and Gillings 2002; Conolly and Lake 2006) . Because of their origin in cartography and geography, GIS are especially well suited for archaeological investigations at a regional scale, be they more traditional studies of settlement patterns or recent approaches to landscape archaeology. However, as GIS were not originally conceived for archaeological applications, their usability in archaeology is affected by certain conceptual limitations. The most important constraint results from the fact that GIS are designed to handle measurable data that can easily be quantified and expressed by either of the two standard data formats of GIS, vector and raster data, whereas other kinds of information are difficult to process and analyse. Due to this requirement, data describing the current environment that can be obtained through a variety of methods and sensors are the most readily available information to be used for GIS-based analyses. This includes, for example, topographical data (digital elevation models), environmental data (hydrological, geological, botanical data), cadastral and administrative data (borders, real estate ownership), and economic data (land and resource use).
Archaeological information, on the other hand, often differs considerably from the kinds of data mentioned above. It is impossible to record archaeological data with the degree of reliability, completeness, and accuracy of common environmental or cadastral datasets. For example, archaeological sites and features tend to be wholly or partially destroyed, considerably altered, or buried, such that a complete inventory of the material remains of a given society under study is impossible to achieve. Archaeological data furthermore describe material remains of past societies that in most cases experienced a quite different environment from the one modelled by modern geodata, inasmuch as climatic conditions, land use, population density, and other parameters have often changed considerably since the time period under study. This leads to a general problem of archaeological GIS applications, namely that datasets that are ultimately incompatible in terms of their quality and time reference are commonly related to each other and analysed in conjunction. A careful, casespecific consideration of which aspects of available environmental and archaeological data actually represent the situation at the time under study is required to mitigate this problem.
A related major problem of using GIS in archaeological research concerns the existence of many parameters operational in the cultural development of a society over time that are not easy to capture and translate into GIS-compatible data. Such parameters refer to qualitative information that is difficult to measure, quantify, or georeference. This includes the significance or value of areas and places -for example, areas of high or low prestige, sacred places, or places of remembrance -as well as the often unmarked boundaries of political, ethnic, religious, or linguistic spheres. Although spatially reflected, parameters such as these are often ambiguous, ephemeral, or contested.
They are therefore difficult to model in the abstract, quantitative, Cartesian framework provided by GIS. Rather, they correspond to cultural, social, and qualitative concepts of space that today are often subsumed under the term 'landscape' (for a comprehensive discussion see Anschuetz et al. (2001) and Gramsch (2003); cp. Palang and Fry (2003) ). In this conceptual framework, the environment provides the spatial framework for many different landscapes that depend on subjective, individual, situational, and a variety of other perspectives
